Summary Background/Objective: Donor right hepatectomy (DRH) was developed by master liver surgeons and has been applied in many liver transplant centers as the mainstay for adult living donor liver transplantation. It is a major and complex surgical operation performed on living liver donors for the benefit of liver recipients. The donors deserve the lowest though inevitable morbidity and mortality. In this study, the surgical outcomes of DRH performed by newer surgeons at an established center were studied to assess the transferability of the techniques of this standardized procedure. Methods: We studied 450 consecutive DRHs performed by 11 surgeons. Three surgeons initiated and developed the transplant program and performed the first 200 DRHs (Era I). The role of chief surgeon in the following 250 DRHs (Era II) was gradually taken up by four newer surgeons with close guidance initially. Results: Blood loss and operation time at the end of Era I versus the beginning of Era II were 251 vs. 341 mL and 391 vs. 497 minutes. The learning curve effect in Era I did not occur in Era II. The complication rates of the last 50 cases in Era I and Era II were 16% and 24%, respectively. Era I had one donor death whereas Era II had no donor death.
Introduction
Living donor liver transplantation (LDLT), when applied to adult recipients, often requires the right liver in order to provide a graft of adequate size. Donor hepatectomy is a very major surgical operation and is performed on healthy volunteers only. Donor left hepatectomy, which can provide a liver graft adequate for a recipient of small body size, carries an estimated mortality rate of 0.1%, whereas donor right hepatectomy (DRH) has an estimated mortality rate of 0.5%. 1 Although donor death has occurred in almost every continent, the contemporary standard of donor hepatectomy globally has yet to be determined and ought to be updated. How reporting of morbidities and mortalities improves the safety of donor hepatectomy has not been examined or proven. Whether accumulation of knowledge of these donor procedures affects the practice of surgery is also unknown. In 2009, encouraging research by the Japanese Liver Transplantation Society reported a donor morbidity of less than 10% and mortality of 0.03%. 2 However, in 2010, two living liver donors died from the operation in the United States. A total of four living liver donor deaths have occurred in the United States.
In one of our previously published studies, the outcomes in the consecutive first 200 living right liver donors were analyzed and discussed. There was an obvious improvement of donor outcomes with time. A learning curve phenomenon was demonstrable. The operation time and blood loss decreased with time, and the curve was steepest for the first 50 cases. The complication rate also dropped from 34% in the first 50 donors to 16% in the remaining three subgroups, each with 50 donors. Unfortunately, in the fourth subgroup of 50 donors, one donor died 10 weeks after surgery from a duodenal ulcer that had perforated into the inferior vena cava. 3 With the wider applicability of rightliver LDLT, there are more DRHs and hence more surgeons are required. This study evaluates the feasibility of this operation being continued by a newer group of surgeons at our center and analyzed the surgical outcomes. To be qualified to be a trainee in LDLT at our center, one must be a qualified specialist surgeon in general surgery, that is, having undertaken a 6-year training in general surgery and passed the required examinations, and must have at least 1-year experience in hepatobiliary and pancreatic surgery.
Methods
Four hundred and fifty consecutive living liver donors (case numbers 1e450) who underwent DRH at our hospital were included in the study. DRH has been described previously. 4 In brief, it is performed via a right subcostal incision with an upper midline extension. Intraoperative cholangiography under fluoroscopy is employed to plan the line of division of the right hepatic duct(s) prior to liver transection.
Temporary right liver inflow control reveals the Cantlie line, which is marked by cautery to guide liver transection using Cavitron Ultrasonic Surgical Aspirator (CUSA; Valleylab, Boulder, CO, USA). The right hepatic ductal stump is closed with 6/0 polydioxanone monofilament suture (Ehticon, Edinburgh, UK). Operative cholangiography is performed to confirm the integrity and patency of the main and left ductal systems. The right hepatic artery and portal vein are divided after the application of vascular clamps. The delivery of the right liver graft is preceded by the application of an endovascular stapler (TA30, Tyco; Healthcare, Norwalk, CT, USA) to the site of the right and middle hepatic veins. These veins are cut flush with the staples. A bile leakage test is performed by instillation of dilute methylene blue into the main and left biliary system. All except three of the 450 cases had the middle hepatic vein included in the graft. 5 From July 2000, an abdominal drain was not deployed in the donor on completion of DRH. 6 Prospectively collected data included donor characteristics and peri/postoperative outcomes. Complications were recorded and graded according to the Clavien-Dindo classification. 7 Data analysis was done with the nonparametric test using the PAW program. The 450 cases were divided into nine groups, each with 50 cases. The first 200 cases were classified as Era I, and the remaining 250 cases were classified as Era II. Such classification was based on the fact that after the first 200 cases, newer surgeons were included as operators in the DRHs. Groups 1e4 belonged to Era I, and Groups 5e9 belonged to Era II. Operative outcomes were compared between the eras as well as the groups. A p value less than 0.05 was considered statistically significant. 
Results
A total of 450 DRHs were included. In Fig. 1 , the case numbers are plotted against the 11 surgeons who were the chief operators of the DRHs. Surgeons 1, 2, and 3 initiated and developed the LDLT program. Surgeons 4, 5, 6, and 7 in chronological order joined the service. Surgeons 8, 9, 10, and 11 were liver transplant fellows who underwent training in the service.
Most of the donors were Chinese (97% in Era I, 94% in Era II). As shown in Table 1 , there are no statistically significant differences in donor characteristics between Era I and Era II. Donor surgical outcomes are listed in Table 2 . The operation time was shortened to 391 minutes by the end of Era I but returned to 497 minutes in the beginning of Era II, and there was no apparent reduction in operation time thereafter. Similarly, blood loss was reduced to 251 mL by the end of Era I but rebounded to 341 mL in the beginning of Era II and remained at this level by the end of Era II. Blood transfusion was given to two donors, one in the first 50 cases in Era I (Group 1) and the other in the last 50 cases of Era II (Group 9). Intensive care unit stay and general ward stay did not vary much between eras.
Operation time and blood loss with respect to the case numbers are shown in Figs. 2 and 3, respectively. Individual surgeons are labeled with different signs in the graphs. The operation time (Fig. 4 ) and blood loss (Fig. 5 ) of each case are also plotted against the chief surgeon of the case.
Total liver volume on computed tomography had a positive correlation with operation time (R 2 Z 0.134, p < 0.001) (Fig. 6 ) but not with blood loss (R 2 Z 0.050, p Z 0.11) (Fig. 7) . However, a positive correlation could be found between graft weight as measured on the back table 
and operation time (R 2 Z 0.200, p < 0.001) (Fig. 8) as well as blood loss (R 2 Z 0.107, p < 0.001) (Fig. 9) . A positive correlation was also found between blood loss and operation time (R 2 Z 0.310, p < 0.001) (Fig. 10 ).
Complications are listed in Table 3 . The complication rate in Era I dropped to 16% after the first 50 cases, but the rate was 24% by the end of Era II. One donor in Era I died 10 weeks after the operation, whereas there was no donor death in Era II. One case of Clavien-Vb complication (severe systemic inflammatory response syndrome) and one case of Clavien-Va complication (slippage of vascular clamp on the right hepatic vein during graft delivery) occurred in Groups 7 and 9, respectively.
Discussion
Proficiency in DRH has been acquired by the newer surgeons, testifying to the transferability of such expertise at a well-developed liver transplant center. This is attributable to a number of factors. In the process, guidance is provided by more experienced surgeons and surgical outcomes are continuously monitored. Furthermore, the DRH Figure 2 Operation time plotted against case numbers. performed at our center is a much standardized procedure. 8 The learning curve effect of the first 50 cases in Era I did not appear when newer surgeons took over in Era II. The learning curve can most conveniently be represented by the time or the number of cases an average surgeon or center needs for a procedure to be performed with reasonably favorable outcomes. Operation time, blood loss, and complication rate are often the parameters of reference. DRH for adult LDLT was originated by this center and was based on the extensive local experience of major hepatectomy for hepatocellular carcinoma. 9 Since it was an original surgical operation, a learning curve of 50 cases is understandable. When other centers acquire the technique, their learning period can be shortened. In donor operations, the consistent reduction of the operation time and blood loss with time has been well demonstrated. 10 The same experience was also reported by centers in Germany, 11 Korea, 12 and Japan. 13 It is a policy that in preparation for the surgical responsibility as chief surgeon, experience is gained by assisting in DRHs as well as hepatectomies for tumors. Furthermore, initially, the operation is supervised and guided by an experienced surgeon. As a whole, the operation time (Fig. 2 ) and blood loss (Fig. 3) in Era II were comparable with those in Era I, and were acceptable.
Liver transection time correlates with transection surface area. 14, 15 There was a positive correlation of operation time with the volume of the whole liver (Fig. 6) as well as the weight of the right liver graft (Fig. 8) . The transection time is the most time-consuming part in the entire operation and is well represented by the operation time. Interestingly, blood loss did not have a correlation with total liver volume (Fig. 7) although it correlated with right liver graft weight (Fig. 9) .
Although blood loss of over 1.5 L did occur, experienced surgeons who supervised or assisted in the operation Figure 7 Blood loss plotted against total liver volume as measured on computed tomography. avoided catastrophes. Archiving cases as such is important for learning. A high central venous pressure in the donor makes liver transection difficult and causes more blood loss. 16 The practice or preference of keeping a low central venous pressure or otherwise varies with different anesthesiologists. DRH in a well-controlled manner encourages the anesthesiologist not to administer excess intravenous fluid that would result in a high central venous pressure.
The complication rate of the last 50 cases in Era I was 16%, while that of the last 50 cases in Era II was 24%. However, as a whole, the complication rate in Era II was in fact very acceptable and comparable with that in Era I after the first 50 cases (Table 3) . In a recently reported study on an adult-to-adult LDLT cohort of 760 donor procedures, 40% of the donors of right liver had one or more complications. 17 This was not lower than the 38% complication rate in the same but smaller cohort (n Z 387) reported 4 years earlier. 18 The Toronto experience of 202 donor right hepatectomies also saw a 40% complication rate. 19 A 44% complication rate was recorded in right liver donors in Kyoto. 20 An active LDLT center in western China reviewed their experience and found a reduction in complications with the accumulation of experience in recipient operations but not in donor operations. 10 A center in Hamburg, Germany 11 and another in Osaka, Japan 13 experienced reductions in donor complications in the later period, but change in the staffing in these centers was not discussed in the studies.
Although DRH is a standardized procedure, some degree of flexibility is required to tackle anatomical variations. The presence of one or more inferior right hepatic veins 21 is one such variation that renders division after ligation of the short hepatic veins of the right side difficult. The anterior approach 22 and hanging technique 23 may be needed to facilitate liver transection by CUSA. Variations of the right portal and bile ducts may also increase the difficulty of liver transection since a common trunk of the right portal vein and right hepatic duct facilitates graft implantation. Nevertheless, trifurcation of the right anterior, posterior, and left portal veins requires division of the right portal vein branches and reconstruction on the back table. 24 Computed tomography and operative cholangiography should demonstrate such anatomical variations of the bile ducts. If the right hepatic duct is short or absent, a very precise liver transection is needed.
The insertion of the segment 4b hepatic vein (V4b) into the junction of the middle and left hepatic veins or even the middle hepatic vein (Nakamura Type II and III, respectively) has to be observed during the last part of the liver transection. Unlike Nakamura Type I, liver transection has to be directed more to the right side to avoid damage of the segment 4 liver remnant. 5 Expertise in carrying out this operation that is standardized and flexible can be acquired through training.
New techniques have been implemented in DRH in order to lower donor morbidity. 25 Laparoscopic liver resection for cancer shortens hospital stay and improves patient satisfaction. The learning curve of laparoscopic hepatectomy has been documented. 26 At a center with a vast experience in donor hepatectomy, adopting a newer approach for the standard procedure may subject the donors to surgeons undergoing a new learning period. Justification of this is for the benefit to future donors. Institutional review board approval and informed consent must be obtained beforehand. Donor hepatectomy is performed on healthy voluntary donors and should only be performed at appropriate institutions by vastly experienced surgeons and teams. This is to ensure operation success and avoid donor complications. 27 When DRH is to be performed by newer surgeons, the transplant community has a moral and professional obligation to maintain the standard of this service while still being able to disseminate the knowledge and skill effectively. In the present study, there was a small increase in the operation time, blood loss, and complication rate in the transition period. The outcomes in the subsequent subgroups did not worsen but improved incrementally. In Groups 8 and 9, there were no Grade-IIIa complications. However, Groups 7, 8, and 9 had more Grade-II complications than other groups. As the outcomes of surgery reflect the experience of the surgical team (not only surgeons, but also other medical and healthcare professionals), only a conjoint effort can ensure reduction of complications to the minimum.
In conclusion, proficiency in DRH, a standardized surgical procedure, can be attained by newer surgeons under the guidance of experienced surgeons. Audit and research in this area are needed for quality assurance of the service, which is deserved by the living liver donors who volunteer to donate their right livers to save lives.
